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ABSTRACT
In this work we introduce a new method to perform the identification of groups
of galaxies and present results of the identification of galaxy groups in the Seventh
Data Release of the Sloan Digital Sky Survey (SDSS-DR7). Our methodology follows
an approach that resembles the standard friends-of-friends (FoF) method. However, it
uses assumptions on the mass of the dark matter halo hosting a group of galaxies to
link galaxies in the group using a local linking length. Our method does not assumes
any ad-hoc parameter for the identification of groups, nor a linking length or a density
threshold. This parameter-free nature of the method, and the robustness of its results,
are the most important points of our work. We describe the data used for our study
and give details of the implementation of the method. We obtain galaxy groups and
halo catalogs for four volume limited samples whose properties are in good agreement
with previous works. They reproduces the expected stellar mass functions and follow
the expected stellar-halo mass relation. We found that most of the stellar content in
groups of galaxies comes from objects with Mr absolute magnitudes larger than -19,
meaning that it is important to resolve the low luminosity components of groups of
galaxies to acquire detailed information about their properties.
Key words: galaxies: haloes, groups – cosmology: dark matter, observations
1 INTRODUCTION
It is well known that on small scales galaxies are distributed
in an inhomogeneous way. It is common to observe galax-
ies to be clustered, forming groups and clusters of galaxies.
Nowadays it is understood, that the tendency of galaxies to
cluster is a natural process associated with their formation
and evolution.
Galaxies are thought to form from the gas that cools in
the potential well of dark matter haloes. Posterior mergers
between haloes induce the growth of dark matter structures
and influence the process of galaxy evolution. Then, observ-
ing the spatial distribution of galaxies allows for an indi-
rect investigation of the spatial distribution of the host dark
matter haloes. Specifically, identification of galaxy groups
allows the identification of the dark matter structures that
host each group of galaxies.
Theoretically, dark matter haloes are associated with
overdensities in the dark matter density field and galaxies
hosted in these haloes may follow the local density enhance-
ment. Then, from the observational point of view, since dark
matter can not be observed directly, the overdensities in the
mass density field have to be inferred from enhancements
in the local number density of galaxies. Unfortunately there
is not a general way to identify such enhancements, since
galaxies are a biased tracer of the mass density field and it
is difficult to establish a density threshold or a border that
marks the end of the distribution of galaxies that are asso-
ciated to the same dark matter halo. The situation becomes
even more complex when one considers the observational
constraints on the data sets, like incompleteness due to the
non detection of faint galaxies, or difficulties to resolve close
pairs. Another difficulty comes from the fact that observa-
tionally we can not determine the positions of galaxies in
real space. Because in galaxy surveys what we use to de-
termine the distance to a galaxy is its redshift, and it en-
capsulates not only the effects of cosmic expansion but also
information about the dynamics of the local neighbourhood
in which the galaxy resides, the spatial distribution of the
observational data must be interpreted as in redshift space
instead of real space. All these inconvenients require the de-
velopment of special techniques that allow the identification
of galaxy groups.
Now, because the distribution of galaxies can be con-
sidered as a point process, the most straight forward way
to identify groups of galaxies in a survey is to use the FoF
method. In this method the clusters are identified using a
percolation technique in which points are linked in clusters
if their mutual and transitive distances are smaller than b
times the mean interparticle distance. In numerical simu-
lations, where the particles of the point process represent
mass elements with a well known mass, one can choose the
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value of b in order to select regions that are bounded by
some given overdensity threshold. In observations, since the
point process represents galaxies, and for instance there is
no simple way to assign masses to each galaxy, the selection
of the value of the linking length has to be done on a empir-
ical basis, and only after tests one can choose a value that
gives confident results (Berlind et al. 2006). Furthermore,
in redshift space, due to the break in the spatial symme-
try introduced by the redshift space distortions, one has to
split the search in two orthogonal directions and then use
two different linking lengths whose values have to be tuned
upon the performance of tests.
In no way the identification of groups of galaxies as
described above is a warranty of genuine group selection,
and in the basic picture, it is not possible to obtain further
information about their dark matter haloes.
Previously, exploiting the wealth of data provided by
the already existing surveys, many works have focused on
the identification of groups of galaxies in galaxy redshift
surveys. For instance, Berlind et al. (2006) have performed
the identification of groups of galaxies in the third data re-
lease of the Sloan Digital Sky Survey. Besides the groups
of galaxies and their properties, they have shown in their
work a detailed study on the effects of the selection of the
linking length, finding an optimal value that allows them to
study halo occupation statistics. Later Crook et al. (2007),
using a percolation method, presented the identification of
groups of galaxies in the Two Micron All Sky Redshift Sur-
vey (2MASS). Their samples have been designed to max-
imize the number of rich groups and those required to be
identified above some given overdensity threshold. They also
present a match between the most massive groups in their
catalog with previously well known groups and clusters of
galaxies.
Mercha´n & Zandivarez (2005) have proposed a stan-
dard implementation of the FoF method in flux limited
samples. In their implementation they avoid artificial merg-
ing of small groups and perform an improved determina-
tion of the group center for rich groups. They implemented
the method on the third data release of the SDSS. Zapata
et al. (2009) and Zandivarez & Mart´ınez (2011) also have
used this prescription to perform the identification of groups
in different releases of the SDSS. Particularly, Zandivarez
& Mart´ınez (2011) have used this prescription to identify
groups of galaxies with at least four members. They have
used linking lengths that correspond to overdensities com-
parable to those used to define dark matter overdensities in
standard ΛCDM cosmology and computed the virial halo
mass from an estimated virial radius and the velocity dis-
persion of member galaxies.
Koester et al. (2007) have used the MaxBCG method
to identify clusters of galaxies in the SDSS. The method,
based on the likelihood associated to a galaxy to be a BGC
and a likelihood associated to the spatial, morphological and
photometric properties of the galaxy, uses a percolation al-
gorithm to identify groups. Particularly, they show a high
purity of the clusters they identify with this method. Geach
et al. (2011) have used a technique based on a Delaunay
tessellation on sets of galaxies distributed by colour. With
this method, they identify photometrically selected clusters
of galaxies out to a redshift z ∼ 0.6. Although this method
allows the identification of potential clusters at high red-
shift, it is difficult to actually confirm the physical relation
among cluster members. Lee et al. (2004), Nichol (2004),
Wen et al. (2009), Tago et al. (2008) and Tago et al. (2010),
have also shown the identification of groups of galaxies in
different data releases of the Sloan Digital Sky Survey.
Of particular interest for our work has been the group
catalog presented in Yang et al. (2007) (hereafter YHC).
In YHC, on top of a standard FoF group identification,
they perform a halo based identification of groups of galax-
ies hosted in the same dark matter halo. Several different
studies have shown the good performance of such a group
finder. Their halo catalog, which is based on the data of the
Fourth Data Release of the SDSS, has been used in different
works to study the conditional luminosity function (Yang
et al. 2005a, Yang et al. 2005b, Wang et al. 2008), environ-
mental properties of galaxies (Wang et al. 2011, Wetzel et
al. 2011, Weinmann et al. 2011 and Wang et al. 2008), the
distribution of dark matter on large scales (Mun˜oz-Cuartas
et al. 2011), among others. Recently Tinker et al. (2011)
have used the same method to identify the groups of galax-
ies in the SDSS-DR7 to study the galaxy-halo connection.
In this work we revisit the problem of the identification
of groups of galaxies in galaxy redshift surveys, and the iden-
tification of dark matter haloes from the groups of galaxies
they host. Our method is inspired by the method of Yang
et al. (2007), and follow the ideas of hierarchical growth of
structures for the assembly of dark matter haloes as well as
the ideas of the standard FoF method.
We assume that each galaxy has an associated dark
matter halo, with a mass that depends on the luminosity
or the stellar mass of the galaxy it hosts. Then we use the
estimated halo mass to compute its properties, and make
the search of neighbouring galaxies in an ellipsoidal region,
with axes determined by the virial radius of the halo and
its maximum circular velocity. In this way, we merge groups
that intercept the ellipsoid of a given halo, in a similar way as
the FoF method, with the difference that the linking length
is local and completely dependent on the properties of the
dark matter halo that is being the current center of search.
Our procedure provides two major improvements on
previous percolation methods. First, the linking lengths for
search of neighbouring galaxies is local, and it depends only
on the properties of the halo that is the center of search. And
second, and more important, no assumption about the value
of the initial linking length or any other parameter has to
be made for the identification of galaxy groups and haloes.
Therefore our method is parameter free. Furthermore, like
the method of Yang et al. (2007), the identification of groups
of galaxies leads directly to the identification of dark matter
haloes in the survey with reliable mass estimates. On the
other hand, our method differs from that presented in Yang
et al. (2007) in several aspects. First, we do not need to make
an initial FoF procedure in redshift space to start the iter-
ations of the groups. This avoids possible contamination by
the choice of the initial linking lengths. Second, differently
from the assumption made in Yang et al. (2007), we do not
need to assume an initial value for the mass-to-light relation
of groups. And third, our method uses a two dimensional
spheroid for the search of group members, much in the way
as the FoF algorithm with two orthogonal adaptive linking
lengths. This is different from the implementation in Yang
et al. (2007), where they use a fixed FoF linking length for
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Figure 1. Colour magnitude diagram for the galaxies in the four
volume limited samples. The straight lines represent the mean and
3σ levels used to adjust the colour used in the estimation of the
stellar mass M∗ for those colour outliers. The contours indicate
the regions in the diagram delimited by each galaxy sample.
the transverse search and a probabilistic approach for the
redshift distribution of galaxies, that at the end requires the
use of another free parameter to fix the density contrast
defining the membership of galaxies in groups.
In what follows, in Section 2 we introduce the method
for identification of groups of galaxies. Then in section 3
we present the data set used to implement the method pre-
sented in the work. Then in section 4 we present the results
of the implementation of our method on the data of the Sev-
enth Data Release of the SDSS. Finally we summarise and
discuss our results.
2 GROUP IDENTIFICATION METHOD
Our group finder is based on the idea of haloes, and is in-
spired in the philosophy of a standard FoF group finder as
well as from the group finding method proposed by Yang et
al. (2007).
In the standard FoF method, one usually chooses a fixed
linking length that is a fraction b of the mean inter-particle
distance. Particles that are closer than this linking length are
labelled as members of the same cluster, where the member-
ship is transitive through all particles in the data set, this
means that through the particle distribution, friends of my
friends are also my friends. In N-body simulations one can
show that using a linking length b = 0.2 times the mean in-
terparticle separation, the overdensity of the structures iden-
tified is around 170 times the mean density of the universe,
a number that is in close agreement with the expectation
from spherical collapse model for virialized structures. Also,
because of the isotropy of the particle distribution, only one
linking length is required for the search in the 3D space.
In the case of observational data points the search has
to be split in a two dimensional problem because the redshift
space distortions breaks the spatial symmetry of the distri-
bution of points (galaxies). Then it is required to make the
search in two orthogonal directions using two different link-
ing lengths. In this case the selection of both linking lengths
becomes arbitrary. First, because now the data points do not
represent mass elements, but galaxies, for which we do not
know a-priory the amount of mass they represent, i.e. one
can not use the same arguments as in simulations to deter-
mine the value of the linking lengths. Second, the amount of
distortion introduced by redshift space effects is unknown,
and it depends on different factors like the host halo mass,
the mass of the satellite galaxy, and their positions relative
to the observer. In this case, to obtain reliable results on the
identification of groups, one has to look for the set of param-
eters that gives the best results according to the expected
properties of the clusters (Bell et al. 2006, Tago et al. 2005,
Tago et al. 2010).
We aim to perform the search of groups of galaxies
residing in the same dark matter halo. Our approach uses
a local linking length criteria, that depends only on the
properties of the assumed host dark matter halo associated
with every galaxy group. Now we describe our method step
by step.
Initialization:
Before start, we have to prepare a set of quantities for
each galaxy in the galaxy catalog. We compute the galaxy’s
stellar mass, luminosity in the r band, comoving Cartesian
coordinates and estimate the halo mass and radius.
We first compute for each galaxy its stellar mass M∗.
Following Yang et al. (2007) we do so through
log(M∗) = −0.306 + 1.097(g − r)
0
− ǫ+ log(Lr) (1)
where we have used the relations from Bell et al. (2003)
to estimate the stellar mass from the mass to light ratios.
(g − r)0 is the colour of the galaxy corrected to z = 0, ǫ
is a parameter that depends on the initial mass function,
that in our case is ǫ = 0.15 (Bell et al. 2003), and Lr is
the luminosity of the galaxy in the r band, that has been
computed as
Lr = 10
0.4(M⊙,r−Mr) (2)
with M⊙,r = 4.76 (Blanton & Roweis 2007). As discussed in
Yang et al. (2007), some galaxies in the catalog are outliers
of the colour magnitude diagram. Using these values for the
colours in eq. 1 will produce unreliable stellar masses for
these galaxies. We do not know the reason of the exceptional
behaviour of these galaxies, and therefore it is not clear how
to assign a colour to them. For this reason we assume the
simplest approach. For galaxies that are 3σ values off from
the mean value of (g−r)0 in the colour magnitude diagram,
we estimate their stellar masses using the mean value for the
colours of the galaxies with the same Lr luminosity. Figure
1 shows the colour magnitude diagram for our four volume
limited samples as well as the mean and 3σ levels. As it can
be seen, only a small fraction of the galaxies in the sample
need their stellar masses to be corrected for colour.
For every galaxy we compute also their comoving Carte-
sian coordinates from
xi = ri cos(δi) cos(αi),
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yi = ri cos(δi) sin(αi), (3)
zi = ri sin(δi),
where αi and δi are the right ascension and declination of
each galaxy in the catalog and ri is the comoving distance
of the respective galaxy, given by
ri = c
∫ zi
0
dz
H0
√
Ωm(1 + z)3 + ΩΛ
, (4)
with c being the speed of light, Ωm = 0.258 is the mass
density parameter and H0 = 72 kms
−1Mpc−1 is the Hubble
constant at present time.
Then, we assume that every galaxy resides in a dark
matter halo of a given mass. We assign mass to the dark
matter halo of each galaxy relating the stellar mass (or the
Lr luminosity) of the galaxy with the mass of dark matter
haloes sampled from a theoretical mass function (Warren et
al. 2006, Sheth & Tormen 2002) between mass limits Mmin
and Mmax. Later we will describe how we define these lim-
iting values.
Once each halo has a mass, we compute their radius
assuming they satisfy virialization criteria. Then each halo
has a radius Rvir given by
Rvir =
(
3Mvir
4π∆virρcrit
)1/3
. (5)
We have assumed that the mass assigned to the halo
coincides with its virial mass, and use the mean overdensity
of haloes in the spherical collapse ∆vir relative to the critical
density of the Universe, ρcrit, evaluated at z = 0.1 (Bryan
& Norman 1998). After this, we sort the halo catalog in
decreasing order of mass to start iterations from the most
massive haloes to the low mass ones. In this initial situation
each halo hosts one galaxy. We set the position of the halo
to coincide with the position of the galaxy it hosts.
Iteration:
Step one: Once there is an initial halo catalog (haloes
with positions, radius and masses) we can start linking
haloes that are close to each other. Starting from the most
massive halo (Sh) we search for the haloes (Si) that are con-
tained in a sphere of radius Rzs centred at the position of
halo Sh. The radius of the sphere Rzs is given by
Rzs =
Vmax
100
[h−1Mpc] (6)
where Vmax is in units of km s
−1 and represents the median
maximum circular velocity of the halo Sh with mass Mvir
that is center of search. Vmax is approximated by
Vmax = 0.0325
(
Mvir
M⊙
)0.31
[ km s−1] (7)
as computed from high resolution cosmological simulations
(Mun˜oz-Cuartas et al. in prep.). Instead, we could have used
the halo velocity dispersion σv, which would have been more
appropriate from the theoretical point of view. However we
tested both approximations and the differences are small
since both quantities are comparable. On the other hand,
using Vmax produces a region of search Rzs that is slightly
larger than the one using σv. We prefer a larger Rzs to
maximize the number of members per group with the hope
that using a large Rzs the effects of redshift space distortion
are treated more carefully. Finally, tests against mock cata-
logs have shown that this choice produces the results with
the highest purity and completeness, compared to σv or Vvir.
For the set of haloes Si that are inside the sphere of
search Rzs we perform a set of operations:
(i) We evaluate their positions relative to the position of
the halo Sh
(ii) Rotate the coordinates of the haloes in Si to a system
of coordinates such that the line of sight coincides with the
z-axis.
(iii) Search for the subset of haloes Sm in Si that are
contained in the spheroid defined by
f(Rvir, Rzs) =
x2
R2vir
+
y2
R2vir
+
z2
Rzs
2
. (8)
Here Rvir is the virial radius of the halo Sh.
Now the meaning of the quantity Rzs becomes clear.
Vmax represents the maximum circular velocity of a particle
in the potential of the host halo Sh, then it sets a limit for the
velocity of a galaxy moving inside the halo. If a galaxy moves
with a peculiar velocity Vmax along the line of sight, then its
observed velocity will be Vobs = Vmax + VH where VH is the
Hubble flow at the position of the halo Sh. Then, if we ap-
proximate the distance to the galaxy as d = (Vmax+VH)/H0
it becomes clear that Rzs will represent the maximum dis-
tance along the line of sight from the center of the halo Sh
at which we can find a galaxy bound to its potential well.
Note that the use of an ellipsoidal window function ac-
counts for the projection effects of the peculiar velocities,
which are maximum along the line of sight, but reduce grad-
ually out of this line. Particularly, note that galaxies (and
haloes) with no projected velocities along the line of sight,
but at a distance Rvir from the center of the halo (galaxies
moving perpendicular to the line of sight) will be included
as members of the group. This process tries to recover the
spatial symmetry of the point process that is broken by the
redshift space distortions. It also avoids the ad-hoc split-
ting of the search in to two orthogonal directions with two
different linking lengths with no physical relation between
them.
Step two: All haloes in the subset Sm that fall inside
the spheroid delimited by f(Rvir, Rzs) are merged with the
halo Sh. In this process, all galaxies inside the small haloes
in Sm will be incorporated in the halo Sh. The position of
the resulting halo will be relocated to the position of the
galaxy with the largest stellar mass. The final mass of the
halo right after merging will be the sum of the masses of the
haloes that merged.
Total stellar masses in groups are then computed as
the sum of the stellar mass of the individual galaxies M∗,i
weighted by their completeness ci
Mstellar =
∑
i
M∗,i
ci
(9)
Similarly, characteristic luminosities in the r band, Lch, of
each group are computed from the luminosity of their galaxy
members as
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Figure 2. Stellar mass functions for galaxies and groups for our four volume limited samples. The solid line shows the stellar mass
function of Baldry et al. (2008).
Lch,g =
∑
i
Lr,i
ci
(10)
As discussed in Yang et al. (2007), weighting the stellar mass
and luminosity with the completeness accounts for the miss-
ing objects in the same region of the survey.
Haloes that are already merged in larger haloes are
removed from the halo catalog for the next iteration. Then,
during the procedure, the halo population changes but not
the galaxy population.
Step three: After applying this procedure to all haloes
Sh, in decreasing order of mass, and considering that the
population of haloes will change each time small haloes
merge with the big ones, we end up with a new distribution
of galaxies in haloes and a new halo catalog. We then
update the halo list and sort the halo catalog in decreasing
order of mass.
Step four: Once the halo catalog is sorted, we assign
masses to haloes. We assume a one-to-one correspondence
between halo mass and group stellar mass or group charac-
teristic luminosity Lch. Using the estimated comoving vol-
ume of the sample of galaxies, we compute a minimumMmin
and a maximum mass Mlim necessary to host all haloes in
the halo catalog. The mass limits are obtained from the
mass function solving the equations N(> Mlim) = 1 and
N(> Mmin) = Nh, where N(> M) is the cumulative mass
function representing the number of haloes with mass larger
than M and Nh is the number of haloes in the halo catalog
at a given iteration.
Because during the first iterations (for the initialization
step, and a few initial iterations) we associate mostly indi-
vidual galaxies with individual haloes, the use of the limit
halo mass Mlim will associate unreliable massive haloes to
individual galaxies, for example, galaxies with a stellar mass
of ∼ 1012 h−1M⊙ could be associated with a halo with a
mass of > 1014 h−1M⊙ . This high mass will lead to large
linking lengths Rvir and Rzs to these haloes, i.e, the massive
haloes would grow very rapidly and would hinder the identi-
fication of smaller haloes. This would have a negative effects
on the final distribution of groups and haloes. To avoid it
we fix, for each iteration, an ad-hoc maximum halo mass
Mmax < Mlim and sample randomly Nh halo masses from
the mass function in the range of masses [Mmin,Mmax]. Then
we iteratively shift the value of Mmax by some amount dM
until it reaches the maximum allowed halo mass in the vol-
ume, Mlim. In this way we do a physically reasonable mass
assignment to massive groups in each iteration, and control
the growth of the linking lengths of haloes.
Then, we generate Nh halo masses sampling the mass
function in the interval [Mmin, Mmax]. Then, halo masses
are assigned, in each iteration, relating them to the galaxy
groups according to the group stellar mass Mstellar or the
group characteristic luminosity Lch, in a way that the groups
with the largest Mstellar or Lch will be associated to the
most massive halo mass.
Iterate all steps: We iterate the previous steps (one to
four) for a given pair of values of Mmin and Mmax starting
with Mmax = 10
12h−1M⊙ . Once this iteration converges
to a fixed number of haloes, we increase the value of Mmax
by an amount dM = ∆ log10(M) = 0.5. Since the number
of haloes in the population have changed, we recompute the
value of Mmin, and repeat the process from the first step
with these new values of Mmin and Mmax. This process has
to be repeated until Mmax =Mlim.
We have found that a reasonable value for Mmax to
start the iteration is 1012h−1M⊙ , which approximately cor-
responds to the mass of the halo of massive galaxies at z = 0.
We have tested different values of the startingMmax and dM
and found no differences in the final population of groups.
In conclusion our results are weakly dependent on the choice
of Mmax and dM . The independence of the final results on
Mmax and dM is due to the double-iteration process that
controls the evolution of the population of haloes.
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Note that our method does not assumes any ad-hoc pa-
rameter for the identification of groups, nor a linking length
or a density threshold. The parameter-free nature of the
method, and the robustness of its results are one of the most
important points of our work.
3 THE DATA SAMPLE
Our galaxy groups are identified from the SDSS Seventh
Data Release (Abazajian et al. 2009). We use data for
the SDSS-DR7 publicly available from the VAGC (Blan-
ton et al. 2005). The data release from the VAGC has im-
provements on the photometric reductions, calibration as
well as deals with the problems associated with multiple
observations of the same object. To produce our fiducial
galaxy catalog from the VAGC catalog we first select ob-
jects that are targeted simultaneously as “GALAXY” and
have been targeted in the spectroscopic survey. Furthermore
we request the object to belong to the main galaxy sam-
ple (“VAGC SELECT=7”) and to be a well resolved spec-
tral target (“RESOLVE STATUS&256”). Our initial galaxy
sample extends from z = 0.002 to z = 0.2. For all galax-
ies in this sample we compute the K-corrected absolute
magnitudes using the KCORRECT code (V4.2, Blanton et
al. 2007). Absolute magnitudes are computed as shown in
Yang et al. (2007), from
Mx − 5 log h = mx −DM(z) −K(z) −Ax(z − zn) (11)
where the subscript “x” stands for the different magnitude
band x = (u, g, r, i, z), Mx is the absolute magnitude of
the galaxy, mx is the apparent magnitude of the galaxy
as given in the catalog, DM(z) is the distance modulus,
K(z) is the K-correction term and zn = 0.1 is the refer-
ence redshift. The coefficients Ax quantify the correction
for evolution, and are taken from Blanton et al. (2003)
to be Ax = (−4.22,−2.04,−1.62,−1.61,−0.76) for the five
colours.
Following Tago et al. (2010), we generate four different
volume limited samples, taken from the previously described
galaxy sample, each with magnitude cut Mr = −18, −19,
−20 and −21. The redshift limits are zmin = 0.002 and
zmax = 0.047, 0.074, 0.115 and 0.175 respectively. We have
imposed a limit at Mr = −23.5 as the maximum absolute
magnitude of a galaxy in the sample. No more than ten
galaxies are discarded at this step. Table 1 summarizes the
properties of the four volume limited samples used in this
work. The total comoving volume occupied by each galaxy
sample is estimated using a Delaunay tessellation, which al-
low us to estimate the volume of each galaxy, and then the
total volume as the sum of the volumes of all galaxies in the
sample1.
4 RESULTS
Tables 2 and 3 summarize the results of the group finder
applied to the four volume limited samples built from the
1 We have used the publicly available code Qhull (Bradford et
al. 1996) to compute the Delaunay tessellation.
Name zmin zmax Ngals Leq h
−1Mpc
Mr-18 0.002 0.047 50986 130
Mr-19 0.002 0.074 108546 200
Mr-20 0.002 0.115 155890 310
Mr-21 0.002 0.175 97064 465
All 0.002 0.2 412486
Table 1. Summary of the properties of the volume limited sam-
ples used for the construction of the groups of galaxies in the sur-
vey. Leq represents an estimate of the size of the equivalent cubic
comoving box with the same volume as the sample of galaxies.
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Figure 3. Group stellar masses as a function of redshift for the
groups identified in two of the four samples. The horizontal lines
indicate approximate masses where the set of haloes will be com-
plete in stellar mass.
SDSS-DR7. There, richness, halo mass, stellar mass and lu-
minosity limits (minimum and maximum values per sample
of galaxies) are shown.
In the next sections we study in detail the stellar mass
content, halo masses, luminosities and the richness of the
groups identified in the data with the implementation of the
method presented in the previous section.
4.1 Stellar mass
As a first check, we verify that the stellar mass assignment
in galaxies produces reasonable results. Figure 2 shows the
stellar mass function for galaxies and groups for our four
volume limited samples. Note that our data only goes until
∼ 109.5h−1M⊙ due to the high magnitude cut imposed to
build the volume limited samples. To make this comparison
we have estimated the mass function as the number density
of galaxies with stellar mass M in the range between M and
M+dM , where the stellar mass is the result of the estimate
from eqs. 1 and 9 weighted by the completeness of the survey
at the position of the galaxy, all divided by the total volume
of the sample of galaxies.
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Name Nh log10(Mmin) log10(Mlim) Ngr(N = 1) Ngr(N = 2) Ngr(N = 3) Ngr(N > 4)
Mr-18 38268 11.2 14.7 33863 2746 691 968
Mr-19 85222 11.5 14.9 76220 5568 1495 1939
Mr-20 128975 11.9 15.1 116620 7878 2077 2400
Mr-21 87040 12.7 15.2 80881 4344 996 819
Table 2. Table summarizing the properties of the groups for the four different samples. Nh shows the final number of haloes in the
sample. Mmin and Mmax are the minimum and maximum halo mass in the sample in units of h
−1M⊙ and Ngr(N = 1), Ngr(N = 2),
Ngr(N = 3) and Ngr(N > 4) show the number of groups with one, two, three and more than four members.
Name Nh log10(M
min
stellar) log10(M
lim
stellar) log10(L
min
ch ) log10(L
max
ch ) R
min
zs R
max
zs
Mr-18 38268 8.9 12.7 9.1 12.2 0.9 11.6
Mr-19 85222 9.4 12.6 9.5 12.1 1.1 14.1
Mr-20 128975 9.8 12.7 9.9 12.1 1.6 15.2
Mr-21 87040 10.3 12.5 10.3 11.8 2.7 17.3
Table 3. Table summarizing the properties of the groups for the four different samples. Mmin
stellar
and M lim
stellar
show the maximum and
minimum group stellar mass in each sample in units of h−1M⊙ . Lminch and L
max
ch
are the minimum and maximum group characteristic
luminosity in units of h−1 L⊙ and Rminzs and R
max
zs are the minimum and maximum ellipsoidal radius of search along the line of sight
in h−1Mpc .
For galaxies, our stellar mass function follows closely
the mass function presented in Baldry et al. (2008) in the
range of masses between ∼ 109.5 and ∼ 1011.5h−1M⊙ . We
can also see in Figure 2 that for masses below ∼ 1011.5
h−1M⊙ the stellar mass function for groups have roughly
the same behaviour as the stellar mass function for individ-
ual galaxies. For masses larger than 1011.5 the abundance of
stellar-massive objects is larger, but it is almost the same
for the three samples with the lower luminosity cuts. As ex-
pected, the number density of groups with a given stellar
mass is lower for the sample associated with the high lu-
minosity cut. This behaviour implies that the contribution
from galaxies with absolute magnitudes below Mr = −20 to
the stellar mass is important in characterizing the baryonic
content of massive groups. Also, as will be seen later in the
analysis of the richness, the groups with stellar masses be-
low ∼ 1011.5h−1M⊙ are associated to groups with less than
∼ 10 members. This low number of members, and therefore,
low total stellar mass, is responsible for the agreement be-
tween the stellar mass function of individual galaxies and
groups at low masses.
Since we assign masses to groups using the ranking of
luminosities, because for construction the samples are com-
plete in luminosity, the group stellar masses are not necessar-
ily complete in each volume limited sample. That is shown
in Figure 3, where we show the distribution of stellar masses
for groups as a function of redshift. The only sample that
is almost complete in stellar mass is Mr-18, the other three
samples are incomplete due to the lack of contributions to
the stellar mass from the low mass galaxies not included in
each sample.
Figure 4 shows the stellar mass as a function of halo
mass for the four samples. For comparison we also plot the
results from the halo catalog of Yang et al. (2007) and the
fitting formula from Moster et al. (2010). Halo masses have
been computed through the ranking of the group stellar
masses. Note however that this mass assignment is techni-
cally incorrect if one uses samples that are not complete in
stellar mass. We have made comparisons between the mass
assignment using complete samples in stellar mass and our
final incomplete samples, and since the incompleteness af-
fects a small fraction of groups at the low mass end, the av-
erage results are comparable. However, we will not assume
this halo mass to be a final reliable quantity. We keep it for
completeness and to help us to evaluate the performance of
the halo mass assignment.
Here we see again the effect of the underestimation of
the stellar mass for the groups in the high luminosity sample,
which in this case leads to the underestimation of the stel-
lar masses of groups hosted in haloes with high masses. The
small tails seen at the low halo mass end are associated with
the incompleteness of the samples in stellar mass shown in
Figure 3. We have tested it, and complete samples in stellar
mass do not present such a tails. From this figure we can see,
first, that there is agreement between the stellar and halo
mass among our four volume limited samples, as well as with
the halo catalog from Yang et al. (2007). Second, we see that
our samples also follow the expected stellar-halo mass rela-
tion from Moster et al. (2010) up to ∼ 1013.4h−1M⊙ , where
both, our catalogs, and the one from Yang et al. (2007) show
an upturn in the observed stellar mass. This upturn seems
to be associated to the stellar mass of groups, not for in-
dividual star forming objects, as is assumed in Moster et
al. (2010).
Figure 5 shows the stellar-halo mass relation for groups
and central galaxies. For these plots the halo masses have
been computed using the ranking on the group character-
istic luminosities. From those figures we see the origin of
the upturn in the stellar-halo mass relation for haloes more
massive than ∼ 1013.4h−1M⊙ . In figure 5 (left) we show the
stellar-halo mass relation, for the stellar mass of the central
galaxy in the group. Figure 5 (right) shows the same, but in
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Figure 4. Stellar mass - halo mass relation for groups in the
survey. Halo masses have been assigned using the ranking of
group stellar mass. Filled-cyan points show the data from Yang et
al. (2007) and the dashed line shows the prediction from Moster
et al. (2010).
this case the stellar mass includes the contribution from all
of the galaxies in the group. This confirms that the upturn
in the stellar-halo mass relation comes from the contribution
of group members in the stellar mass of the halo hosting it.
Note that for the sample Mr-21, the stellar-halo mass
relation for groups (Figure 5, right) is different from the
other three samples, while is the same for the stellar-halo
mass relation for the central galaxies (Figure 5, left). This
is the result of the low group richness in this sample due to
the absence of low luminosity galaxies in Mr-21.
We can see also in Figure 5 (left) that the stellar-halo
mass relation we obtain follows closely the predictions from
Moster et al. (2010), but differences appears and increase
for high halo masses. We see that at high halo masses our
data underestimates the stellar mass compared to the pre-
diction. It is difficult to find a reason for this discrepancy.
If it were a problem with the assignment of stellar mass to
galaxies (eq. 1), we should not be able to get the agreement
with the stellar mass function. If it where a problem with
the halo mass assignment, resulting from the estimation of
Mmin and Mlim, one would move our data points horizon-
tally. That is, changingMmin andMlim in the same amount
by modifying the physical volume of the sample would solve
the issue at the high mass end, but will introduce a stronger
disagreement at the low mass end. Almost nothing will hap-
pen if we fix Mmin and make Mlim smaller. Therefore we
have no explanation for the differences.
4.2 Characteristic luminosity
Due to the volume limited nature of the samples, one of the
most important quantities for our catalog is the group lumi-
nosity. Figure 6 shows the group stellar mass as a function
of the group luminosity. Again, each colour shows the re-
sults for each of the sample catalogs while the cyan points
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Figure 6. Median stellar mass as a function of the group lumi-
nosity. Error bars indicate dispersion on the data in each bin.
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the stellar masses as a function of the halo masses computed using
the ranking of halo luminosities. Error bars indicate dispersion on
the data in each bin.
shows the comparison with YHC. Note the scatter in stellar
mass for a given halo luminosity. This is partly due to the
procedure used in the estimation of the stellar masses of the
galaxies in the galaxy sample, but must also be due to a
component of intrinsic scatter associated to it. Clearly the
scatter decreases as a function of group luminosity, and we
can see here again the presence of a few groups with very
massive stellar components, that seems to be in agreement
also with the results shown in YHC.
As a comparison, Figure 7 shows the halo mass as com-
puted from the ranking of the stellar masses (Mh,s) as a
function of the halo mass computed from the ranking of the
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Figure 5. Median stellar mass of the central galaxy as a function of the halo mass. Halo masses are assigned using the ranking of the
group characteristic luminosity. The frame at the left shows the relation using only the stellar mass in the central galaxy of the group
while the frame at the right shows the the full stellar content in the group of galaxies computed from eq. 9. Error bars indicate dispersion
on the data in each bin.
group luminosities (Mh,L). Note first that there is a scatter
in the estimation of the masses for both methods, and the
scatter increases (for the same sample) at low halo masses.
Although there is a natural scatter in the distribution of stel-
lar masses at a given characteristic luminosity, this effect at
low halo masses is partly a consequence of the incomplete-
ness in stellar mass of the groups. This can be verified if
one considers the small scatter for the sample Mr-18, which
is the sample close to be complete in stellar mass. Interest-
ingly, one can see that in the mean, both methods provide
the same mass assignment, the slope of the relation is the
same for all volume limited samples, which means that the
estimated halo masses are robust. Note that this effect is
independent on the incompleteness in stellar mass, and the
already mentioned failure of the sample Mr-21 to reproduce
the stellar mass function. That both methods produce, in
the mean, the same halo mass is because the implementa-
tion of the method in volume limited samples that influences
all groups by same amount. This means that in general, if
there is an underestimation of stellar content in a group, all
groups in the same sample are missing the same fraction of
mass, and at the end, the more massive and luminous groups
still are the most massive and luminous ones independent on
the magnitude cut. In that way, the ranking and halo mass
assignment is not affected by the absence of low mass-low
luminosity galaxies in the samples with a high luminosity
cut.
4.3 Richness
Figure 8 shows the mean comoving density of groups as a
function of redshift (top left). The richness of groups as a
function of group stellar mass (top right) and halo mass
estimated using the two different approaches, the ranking
of the halo luminosities (bottom left) and the ranking of
the stellar masses (bottom right). The lines with symbols
in those plots show the mean richness as a function of mass
computed in mass bins of 0.3dex.
The mean density is computed as described in Mun˜oz-
Cuartas et al. (2011). Using a Delaunay tessellation we com-
pute the mean number density of groups as a function of
distance from the observer. As it can be seen in Figure 8,
the mean number density of groups is almost constant for all
samples. Again, the different normalization is due to the dif-
ferent abundance of groups identified in the different galaxy
samples due to the different luminosity cuts. The thick lines
in figure 8 shows the mean number density estimated using
radial bins of 14h−1Mpc width while the thin lines show the
same computed in radial bins of 10h−1Mpc .
We can see in Figure 8 that in all samples, the groups
with the largest stellar mass and the largest halo mass are
the richer ones. We can see in particular, that the group
with the largest stellar mass is resolved by many galaxies
in the low luminosity samples, but is resolved with only
one galaxy in the volume limited sample with the highest
luminosity cut. Besides that, we see that there is a direct
proportion between stellar mass and richness of groups. The
same behaviour is observed in the lower panels that show
the richness as a function of halo mass.
4.4 Effects of varying the mass function
While it is true that our method does not require any pa-
rameter, there are a couple of assumptions that can affect
the results of the group finding.
The first is the assumption of the validity of eq. 1 to
compute the stellar masses of individual galaxies. We have
already tested the performance of such an approximation
(see section 4.1) through comparisons with the stellar mass
function. From the agreement we observe between the ex-
pected and our estimated stellar mass function we assume
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Figure 8. Mean number density of groups in the different samples as function of distance (upper left). Richness of groups as a function
of group stellar mass (upper right), and halo mass estimated using the ranking of luminosities (lower left) and stellar masses (lower
right). Solid lines show the mean value of the richness as a function of mass while the error bars indicate dispersion on the data in each
bin.
there is no major influence on our results from this approx-
imation.
The second assumption concerns the mass assignment.
First, we assume that the halo virial mass is equivalent to
the mass we draw from the halo mass function. It has been
shown (White 2000) that there are deviations between our
definition of virial mass and the halo mass estimated through
different criteria (FoF mass, M200, etc.), but these devia-
tions are not larger than a factor of two. This makes our
mass estimates to be within the scatter of the mass distri-
bution.
Finally, the shape of the assumed mass function can
have an impact on the masses of the haloes associated to
each group of galaxies. Since it is known that different fitting
functions (Sheth & Tormen 2002, Warren etal 2006, Reed et
al. 2007, Tinker et al. 2008) can give slightly different mass
function, the procedure of reconstruction may be affected by
this factor.
Figure 9 shows the final group stellar masses as a func-
tion of halo mass for groups of galaxies in two different
volume limited samples, Mr-19 and Mr-21. In both cases
the halo masses have been computed through the ranking
of halo luminosities using the mass function from Sheth &
Tormen (2002) and Warren et al. (2006). We can see that
the halo masses assigned using the mass function of War-
ren et al. (2006) are systematically lower as compared with
the samples of haloes with masses assigned from the Sheth-
Tormen mass function. This differences should also affect the
stellar masses, abundance of haloes and richness of groups,
since the halo mass controls the virial radius and circular
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Figure 9. Median stellar mass as a function of halo mass for two
of the samples, using two different mass functions, Sheth & Tor-
men (2002) and Warren et al. (2006). Halo masses are computed
through the ranking of halo luminosities. Error bars indicate dis-
persion on the data in each bin.
velocity, which are used to compute the adaptive linking
lengths of the search. This effect is stronger in the sample
with the higher luminosity cut, and for high masses (larger
that ∼ 1013.5h−1M⊙ ) due to the fact that the differences
between both mass functions are larger at the high mass
end.
Because of the adaptive modifications in the linking
lengths, the two halo catalogs are not identical, therefore
we can not make a full one-to-one comparison between the
masses assigned using the two mass functions.
However, we have seen that depending on the used mass
function, one can have differences in the total number of
groups by an order of 2%, slight changes in the stellar masses
for haloes more massive that ∼ 1011.5h−1M⊙ by in aver-
age ∼ 0.1 dex, and changes in the maximum halo mass by
around 0.4dex. Despite these differences, which are observed
mostly at the high mass end, the average statistical differ-
ences obtained using the different mass functions are small
when one compares all the galaxy samples.
4.5 Tests against mock catalogs
One of the best ways to test the performance of the group
finder is using the results of semi-analytic methods of galaxy
formation. For a galaxy catalog built from a semi-analytic
method we can compare the results of our method against
the original expected distribution of groups and galaxies and
their properties.
To do this we have used the galaxy catalogs (De Lucia
& Blaizot 2007, Croton et al. 2006) built from the millen-
nium simulation (Springel et al. 2005). From the catalogs
we have extracted a cubic subvolume of 200h−1 Mpc side
length. From this volume we built two samples using two
different magnitude cuts in Mr of -18 and -19 to resemble
our samples Mr-18 and Mr-19. Since the results are com-
parable for both samples, in the following we will present
results only for the subsample with magnitude cut of -19.
For this sample we used the peculiar velocities of the
galaxies to introduce redshift space distortions along the z-
axis using the far observer approximation. We have run our
group finder in two versions of the galaxy sample, one in
real space and another in redshift space. Running the group
finder for the set of galaxies in real space works as a control
setup and allow us to identify the effects of the different
approximations of the method in our results. Running the
group finder in redshift space gives us information about the
effect of redshift space distortions and contamination.
In Figure 10 we show the median halo mass - stellar
mass relation for groups in the mock galaxy samples. Each
line shows the relation for the original data from the mock
catalog (Original), the groups identified in the sample using
our group finder in real space (Real) and the groups identi-
fied with our method on the sample in redshift space (Red-
shift). In the figure, the thin-dashed line shows the scatter
on the data for the sample in redshift space. One of the ad-
vantages of using mock catalogs is that it provides not only
the information of the galaxy properties, but also provides
the link to the properties of the host haloes. This allows us
to check the reliability of the halo mass assignment. As it
is shown in Figure 10, the halo mass assignment produces
halo masses that show a very good agreement between the
two samples and the original data. We can see that there
are small deviations in the stellar-halo mass relation for the
groups identified in both, real and redshift space. This is
partly due to incompleteness in the galaxy and halo sam-
ples at low masses (similar to those discussed in Figure 4).
As discussed in the previous section, another factor inducing
small differences is the halo mass function used to perform
the group finding, that might reproduce closely but not ex-
actly the mass function of the simulation. We find that our
method assigns a larger maximum mass to haloes in the
high mass end. At the low mass end we have some low mass
haloes in the true halo catalog which can not be regarded
as individual haloes by our group finder and therefore are
merged with other haloes.
Despite the small differences at the low and high mass
ends, the median values of the stellar-halo mass relation
show very good agreement, even for the sample in redshift
space. The difference is well below the scatter of the data.
A similar behaviour is observed in Figure 11 where we show
the mean richness of haloes as a function of halo mass. Again
the differences in the richness of haloes are smaller than the
scatter in redshift space, where the method produces the
largest scatter.
In order to provide a closer comparison, we have made
a cross check of the halo masses for the groups of galaxies
with the same central galaxy among the different samples.
In Figure 12 we show the median one-to-one halo mass cross-
check for the groups in the three samples. As it can be seen
in the Figure, the one-to-one comparison shows very good
agreement for the three samples, with the halo mass esti-
mated from the group finder, in real as well as in redshift
space, being slightly larger for haloes with masses above
∼ 1013.5 h−1M⊙ . From the figure it is evident that it is not
an effect of the performance of the group finder in redshift
space. The small difference of less than ∼ 0.2 dex between
the original halo mass and the mass assigned by the group
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Figure 10.Median stellar mass - Halo mass relation for groups of
galaxies in the mock catalog. The red solid line shows the values
for original groups as obtained from the galaxy catalog. The blue
dashed line show the groups identified using the group finder and
the black dot-dashed line show the median value for the sample
of galaxies in redshift space. The thin dashed line shows the the
scatter on the data for the sample of galaxies in redshift space.
finder comes mostly from the assumed mass function. As we
have shown in Figure 9 it can influence the estimated halo
mass especially at the high mass end. From these tests, we
can conclude a good performance for the group finder. In
particular we can see that the halo mass assignment pro-
duces very reliable results, with differences of the order of
at most 0.2 dex. As expected, the richness of the groups is
the most sensible quantity, and the effect is more noticeable
at low halo mass, or equivalently for low richness groups,
where we see that at a given halo mass the scatter increases,
particularly for groups with richness below three. The good
agreement we obtain between the two samples in real and
redshift space with the original data from the simulation
allows us to conclude that the approximations used in the
method to estimate group-halo properties are reasonable,
and that the scheme of group finding we propose produces
reliable results. In general we see these results as a key point
in favour of the quality and reliability of the method and its
results.
A more direct check on the quality of the performance
of the group finder and the quality of the group catalogs
it produces is obtained through the analysis of the purity,
completeness and contamination by interlopers in the groups
identified from the mock catalog as introduced in Yang et
al. (2007). Here we summarise the procedure and definitions.
Assume we have two group catalogs, one having the true
groups, and the other one having the groups identified by the
group finder in redshift space. We assume that two groups
in the two catalogs are the same if the ID of the central
galaxy is the same. The group in the true catalog has Nt
galaxies, while the group identified by the group finder has
Nf galaxies. IfNc represents the number of common galaxies
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Figure 11. Mean richness of groups as a function of halo mass
for the three samples, original, real space and redshift space. As
in the previous figure, the thin lines show the scatter for the data
of the sample of galaxies in redshift space.
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Figure 12. One to one comparison of the halo mass of haloes in
the three samples. The solid red line shows the halo mass for the
same haloes in the sample in redshift space against the halo mass
in the original catalog. The blue dashed line shows the same for
the groups in the sample in real space and the original catalog,
and the black dot-dashed line shows the relation of the data in
real and redshift space.
between the two groups, then we define the purity fp, the
completeness fc and the contamination fi as
fp ≡ Nt/Nf ,
fc ≡ Nc/Nt, (12)
fi ≡ (Nf −Nc)/Nt,
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Note that with this definition, a perfect group finder will
produce groups with fp = 1, fc = 1 and fi = 0.
In Figure 13 we show the distribution of values for the
purity, contamination and completeness in percents. The
solid line show the results for groups with at least one mem-
ber, while the dashed line show the results for groups with
at least two members. As mentioned in Yang et al. (2007),
groups with only one member will have fi = 0. To make
a more precise analysis, it is necessary to account for the
effect of the groups with only one member separately. Not
including them hides the ability of the finder to identify real
groups with only one member. Including them without con-
sidering (at least as a comparison) their effect on fc, fi and
fp could lead to a overestimation of the quality of the group
finder and the catalogs it produces, as it is shown in Figure
13.
In general, for groups with Ngals 6 2, we see that
around 64% of the groups have a purity of fp = 1, 79%
have purity between 0.7 and 1.3 and that around 94% of
the groups have a purity between 0.5 and 1.5. On the other
hand, ∼ 80% of the groups are hundred percent complete
(fc = 1). 96% of all groups have completeness above 0.6
while ∼ 87% have completeness above 0.8. Finally, 73% of
the groups have no contamination (fi = 0), while 92% of
them have contamination lower than 0.5. In general these
numbers indicate that the performance of the method is very
good, and it is in average slightly better than the original
method proposed in Yang et al. (2007). This good perfor-
mance, and the parameter-free nature of the method are the
most important features of the group finder.
5 SUMMARY AND DISCUSSION
We have presented a method for the identification of groups
of galaxies and associated dark matter haloes in galaxy red-
shift surveys. We have applied the method to the data of
the Seventh Data Release of the SDSS. The method, that
works like a FoF method, uses a local and adaptive linking
length that depends on the properties of haloes. The most
important property of the method is that it does not depend
on any parameter.
The method presented in this work is based on that in-
troduced in Yang et al. (2007), nevertheless differs from it in
several points. In our implementation of the method we do
not need to make a first FoF procedure in redshift space to
start the iterations of the groups. This avoids possible con-
tamination by the choice of the initial linking lengths. Also,
differently from the assumption made in Yang et al. (2007),
we do not need to assume an initial value for the mass-
to-light relation of groups. Finally, our method uses a two
dimensional spheroid for the search of group members. This
is different from the implementation in Yang et al. (2007),
where they use a fixed FoF linking length for the transverse
search and a probabilistic approach for the redshift distribu-
tion of galaxies, that at the end requires the use of another
free parameter to fix the density contrast defining the mem-
bership of galaxies in groups.
We have shown that the stellar mass assignment for
individual galaxies produces results that are in good agree-
ment with the stellar mass function of Baldry et al. (2008).
We also have seen that the stellar mass function of groups is
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Figure 13. Distributions of purity (top), contamination by inter-
lopers (middle) and completeness (bottom). The solid line shows
the values for groups with at least two galaxies. As a compari-
son, the dashed line shows the values for groups with at least one
galaxy.
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more or less similar to the stellar mass function of individ-
ual galaxies for stellar masses smaller than ∼ 1011.5h−1M⊙
. For stellar masses above 1011.5h−1M⊙ the abundance of
massive objects is larger for the groups than for the indi-
vidual galaxies. This behaviour is expected, since groups
of galaxies should have larger stellar masses than individual
galaxies, increasing the abundance of stellar massive objects.
An important conclusion from the analysis of the stellar
mass function of groups, that although trivial, is important
to be quantified in detail. It concerns the effect of the rich-
ness of groups on their stellar content. We have seen in the
stellar mass function for groups and also in the stellar-halo
mass relation, that the stellar content of the volume lim-
ited sample built with the largest luminosity cut (Mr-21)
has lower values for the group stellar masses. We have seen
also that the richness of groups in this sample is the lowest
one, due to the high luminosity cut that reduces the number
density of galaxies in the sample. These results imply that
most of the stellar content in groups of galaxies comes from
objects with absolute magnitudes Mr larger than -19. This
means that it is important to resolve the low luminosity com-
ponent of groups of galaxies to acquire detailed information
about their properties and specifically, its stellar content.
We have also shown that the groups built in this
work follow the stellar-halo mass relation shown in Moster
et al. (2010). We see that at halo masses larger than ∼
1013.5h−1M⊙ there is an increase in the stellar mass of our
groups, making groups hosted in these massive haloes to
have larger stellar mass content (larger than∼ 1011.5h−1M⊙
) than expected from the prediction of Moster et al. (2010).
We have shown that this deviation vanishes when the stellar-
halo mass is plotted using only the stellar mass of the central
galaxy in each group. Therefore the large abundance of high
stellar mass groups is due to the contribution of satellite
galaxies in rich groups.
We have also shown that the halo mass computed from
the ranking of the group luminosities Mh,Lch or from the
ranking of the stellar mass Mh,Ms are in good agreement.
Furthermore, as a confirmation of the robustness of the mass
assignment, we see that the halo mass assignment produces
results that are in agreement among all our four samples.
Tests against galaxy catalogs from semi-analytic meth-
ods have proven the good performance of the method, show-
ing that we can recover with high precision the properties of
the groups of galaxies and haloes in the catalog. Specifically,
a one-to-one comparison has shown that the halo masses are
in good agreement, but are slightly off by at most 0.2 dex for
halo masses larger than 1013.5h−1M⊙ . On the other hand,
purity, completeness and contamination indicators show a
good performance of the method, and in general, show to
be better than the ones presented by Yang et al. (2007).
The validation of the method with galaxy catalogs provides
us with strong evidence in favour of the convenience of the
use of this method for the identification of galaxy groups
residing in the same dark matter halo.
We have found that the only possible factor that can
influence the final results of our group-halo identification
is the selection of the mass function. To test the influence
of this factor on our results, we have compared the results
of the identification of groups in two of the samples. For
them we have computed the halo masses from two different
mass functions. We have seen that depending on the used
mass function one can have differences in the total number
of groups of about 2%. We observe a slightly changes in the
stellar masses of groups (in average on ∼ 0.1 dex) hosted
in haloes more massive that ∼ 1014.5h−1M⊙ . We see also
changes in the maximum halo masses of around ∼ 0.4 dex.
Despite these differences, that are observed only at the very
high halo masses, overall differences obtained using different
mass functions are minor.
Finally we have shown the richness of our groups as
a function of different group-halo properties. First we have
seen that we can recover a constant mean number density of
groups in space, as it should be the case for volume limited
samples. We have seen that indeed the volume limited nature
of the samples affects the richness of the groups at a given
halo property, groups in samples with a high luminosity cut
are naturally less rich. This has an important effect in the
estimation of the stellar mass of groups but does not have
implications on the halo mass assignment, and therefore in
the procedure of group identification.
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